inflammatory cell infiltrate composed predominantly of lymphocytes and occasionally plasma cells.
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Mast cells (MC), the key cells of allergic reactions, may Dermal fibrosis, loss of cutaneous appendages, and loss of subcutaneous fat are the main manifestations of also have a role in chronic inflammatory processes which often result in fibrosis as seen in scleroderma, idiopathic pulchronic graft-versus-host disease (cGVHD) in mice. Mast cells (MC) may have a role in cGVHD. To investimonary fibrosis, hypertrophic scars, etc. [4] [5] [6] [7] Moreover, it has been demonstrated that MC are massively degranulated in gate this point we have evaluated the effect of a MC stabilizer (nedocromil sodium) and a MC activator the connective tissues of mice which develop cGVHD.
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Murine cGVHD is characterized by dermal fibrosis, loss of (compound 48/80) on skin manifestations in a murine model of cGVHD (B10.D2 → BALB/c). Mice were subcutaneous fat and atrophy of dermal appendages. 8,9 MC degranulation is concomitant with the appearance of treated with nedocromil sodium (5 mg/day) or compound 48/80 (10 g/day) from day −3 until day 15.
fibrosis.
To investigate whether these phenomena are linked and Nedocromil ameliorated the skin features of cGVHD while compound 48/80 caused skin changes reminiscent whether MC stabilization can ameliorate the skin manifestations of cGVHD, we performed the present histopatholof mild cGVHD in control mice. In addition nedocromil normalized peritoneal MC numbers and skin MC numogic study. cGVHD mice and relevant controls were treated with the MC stabilizer, nedocromil sodium. 12, 13 The effects bers and their activation state in the cGVHD mice. On the other hand compound 48/80 caused a complete disof the drug on the histopathologic dermal manifestations of the disease and dermal and peritoneal MC numbers and appearance of toluidine blue stainable peritoneal MC from cGVHD and control mice and decreased skin MC activation state were evaluated in these mice in comparison to untreated mice and mice treated with the potent MC actiin controls. In summary, MC activation may play a negative role in the skin changes seen in cGVHD while vator compound 48/80.Introduction Reagents Chronic graft-versus-host disease (cGVHD) is a devastating complication occurring in up to 30% of long-term survivors Nedocromil sodium was a kind gift from Fisons Pharmaof bone marrow transplantation (BMT). It is an autoceuticals (Loughborough, UK female mice were purchased from Harlan (Bicester, UK).
Female BALB/c mice were obtained from the animal sacrificed by cervical dislocation. The spleen was removed and weighed. To determine peritoneal MC number, peritobreeding facility at the Hadassah Medical School (Jerusalem, Israel). All mice were used at 6-10 weeks of neal lavage was performed as follows: Tyrode buffer (6 ml) containing 0.1% (w/v) gelatin (TG buffer) was injected age and weighed approximately 20-25 g. Mice were fed a regular diet and received drinking water ad libitum.
with a 10 ml plastic syringe (19 G needle) into the peritoneal cavity of each mouse, and 4 ml of peritoneal fluid was aspirated from each animal. The fluid removed was transChronic graft-versus-host disease (cGVHD) model ferred to a 10 ml plastic tube and the cells pelleted at 120 g We have used a model of cGVHD across minor histocomfor 10 min. The cell pellets were resuspended in 0.5 ml TG patibility barriers.
8 Donors were B10.D2 mice (H-2 d , mls buffer and layered on top of 1 ml 22% metrizamide. The b). Recipients were BALB/c mice (H-2 d , mls b) which cells were centrifuged for 15 min at 120 g and MC resusreceived 600 rad 60 Cobalt total body irradiation (TBI) prior pended in 0.2 ml of TG buffer. MC were stained by incubto transplantation. Donor spleens were pooled and erythroating them in equal volume of an acidic toluidine blue solcyte-free cell suspensions were prepared by passage ution in ethanol, pH 3.5 , 0.07% w/v for 30 s at room through a stainless steel mesh screen with Tris-NH 4 Cl soltemperature. 16 Metachromatically stained MC were counted ution followed by three washings in RPMI-1640. Two sets under a light microscope using an hemocytometer. of mice were used: cGVHD: 25 × 10 6 B10.D2 spleen cells were injected i.v. following sublethal 600 rad TBI to BALB/c recipients; control: (B → B) 25 × 10 6 BALB/c Statistical analysis syngeneic spleen cells were injected i.v. to BALB/c recipients following 600 rad TBI. Following transplantation the Statistical analysis of the data was performed by the mice were maintained in laminar flow hoods.
Student's t-test.
Treatments
Results Three days before transplantation and throughout the experiment (for 15 days), mice were injected intraperitoneSkin histopathology ally with either compound 48/80 (10 g in 0.2 ml saline), nedocromil sodium (5 mg in 0.2 ml saline), or saline alone
As shown both in Figure 1 and Table 1 , skin biopsies from (0.2 ml). Each group consisted of eight to 10 mice. The the cGVHD mice demonstrated the typical changes of doses of compound 48/80 and nedocromil sodium injected cGVHD ( Figure 1a ) including a decrease in fat and appendwere chosen according to our previous data in rats 15 and ages, increased thickness of dermal collagen and a lymphounpublished observations in mice. Injections of 10 g comcytic inflammatory cell infiltrate which could not be pound 48/80 per mouse is optimal for inducing depletion detected in the control syngeneic B → B mice (Figure 1d ). of MC granules and it is below the concentration that might
In addition the mean dermis/fat ratio was higher compared induce death because of anaphylactic shock. The dose of to the syngeneic controls, which is indicative of a loss of nedocromil used (5 mg per mouse) protects the animals fat ( Table 1 ). The hair follicles were also diminished while from anaphylactic shock.
fibrosis and a mononuclear cell infiltrate were always present ( Table 1) . Treatment of the cGVHD mice with Skin histopathology nedocromil sodium decreased the mean dermis/fat ratio because it significantly inhibited the loss of fat (Table 1) . Skin punch (3 mm) biopsies were performed on the shaved This treatment also caused a less severe loss of hair folback of ether anesthetized mice on the last day of the licles, a reduced inflammatory cell infiltrate, a milder experiment, fixed in phosphate-buffered formalin and subfibrosis and, in summary, a less severe cGVHD (Figure 1b ). sequently embedded in paraffin. Five micrometer sections
In contrast treatment of cGVHD mice with compound were stained with hematoxylin-eosin (HE) and Masson 48/80 (MC activation) induced slightly more severe histotrichrome or toluidine blue (see below). Stained sections pathologic changes in these mice ( Figure 1c , Table 1 ) and were examined 'blindly' for mononuclear cell infiltration induced in B → B mice skin changes typical of mild (HE), fat deposition (HE), collagen deposition (Masson), cGVHD ( Figure 1f , Table 1 ). hair follicles (HE), and other appendages present. Following identification of the slides, data obtained in the experimental groups were compared and related to the ones Number of toluidine blue stained MC in the skin and observed in the control saline injected group (B → B).
peritoneal cavity of cGVHD mice Mean thickness of dermis and fat was measured by an ocuWe evaluated MC numbers and their morphological appearlar micrometer and the mean dermis/fat ratio was deterance after staining of the skin biopsies of cGVHD mice mined. MC numbers were determined in sections stained and syngeneic controls treated with nedocromil sodium or with toluidine blue. Peritoneal MC are also degranulated in cGVHD mice as a result of the disease. mice (2.42 ± 0.93 vs 2.60 ± 0.40). Dermal MC in cGVHD mice treated with nedocromil sodium displayed a granuAs shown in Figure 4 nedocromil sodium treatment of cGVHD mice caused a significant increase in the number lated resting appearance (Figure 2b ) as did those in B → B controls (Figures 2d and e) . Data represent the mean of seven different experiments. In each experiment skin sections from three to four mice were evaluated. Variation among experimental animals was minimal. Mice were injected from day −3 to day +15 post-transplantation with nedocromil sodium (5 mg/0.2 ml), compound 48/80 (10 g/0.2 ml) or saline alone (0.2 ml). is not yet well defined. The suggestion that MC may participate in fibrotic diseases stems primarily from morphologic data demonstrating not only dynamic changes in their numbers but also changes in their ultrastructure. [4] [5] [6] [7] Murine cGVHD is one of these conditions in which connective tissue type MC have been shown to be activated just before skin fibrosis appears.
9-11 MC degranulation in connective tissue locations (skin, peritoneum, tongue, kidney capsule, etc) is so massive that they cannot be detected by toluidine blue staining. Because of this they have been termed 'phantom' MC.
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In the murine cGVHD model, developed by Jaffe and Claman 8,9 and used in this study, 2 weeks following induction of cGVHD, dermal fibrosis, mononuclear cell infiltrate and loss of dermal fat and appendages are noted in the skin. cGVHD, to achieve an effective MC stabilization with nedocromil sodium, 17 or an extensive depletion of MC granules with compound 48/80 at the onset of the disease. 18 affected total body weight (not shown) and spleen weight of the cGVHD or syngeneic control mice ( Figure 5 ).
We have found that nedocromil sodium, a novel MC stabilizer, 12,13 ameliorated the skin manifestations of cGVHD Accordingly, we evaluated the in vitro effect of compound 48/80 and nedocromil treatments on the mitogenic and diminished skin fibrosis. In addition MC numbers in nedocromil-treated cGVHD mice were higher both in the response of splenocytes from cGVHD mice to lipopolysacharid and concanavalin A and on the cytotoxic activity of skin and in peritoneal cavity compared to untreated mice, indicating that this drug successfully 'stabilized' MC in lymphokine-activated splenocytes against PX815 (NK resistant) cell line. Both the mitogenic response and the cGVHD mice. This observation might indicate that nedocromil ameliorates skin manifestations of cGVHD cytotoxic activity were significantly lower in the cGVHD animals in comparison to controls, but neither nedocromil by inhibiting MC degranulation which takes place in the early stages of cGVHD and contributes to its dermal nor compound 48/80 had any effect on these in vitro functions (data not shown).
pathogenesis. Our data that show that compound 48/80, which is a very potent MC degranulator, 14 induced skin manifestations resembling cGVHD in the control syngeneic mice, further Discussion elucidate the potential role of MC activation in the etiopathogenesis of cGVHD. While MC have a clear-cut, pivotal role in eliciting type I hypersensitivity reactions, their involvement in a number
The therapeutic effect of nedocromil sodium in this
